1. Introduction
===============

Thyrotoxic periodic paralysis (TPP) is a rare but serious complication of hyperthyroidism. It has been reported to occur in 1.8--1.9% of thyrotoxic patients in Asia, whereas in North America, it occurs in 0.1--0.2% of thyrotoxic patients ([@b1-epj-10-7174], [@b2-epj-10-7174]). However, TPP is increasingly being reported in Caucasians; therefore, early recognition and treatment is of prime importance ([@b3-epj-10-7174]). Unlike hyperthyroidism, which has a strong female preponderance, TPP occurs 22--76 fold more in men as compared to women ([@b4-epj-10-7174]--[@b6-epj-10-7174]). Hypokalemia in the setting of hyperthyroidism is the hallmark feature of this condition. Hypokalemia occurs as a result of transcellular shift of K into the intracellular fluid. This transcellular shift is due to activation of Na-K-ATP pump in thyrotoxicosis. Normalization of potassium resolves the associated paralysis. Definitive treatment of hyperthyroidism results in complete resolution of the paralytic episodes ([@b3-epj-10-7174]). We present a case of TPP who presented with repeated episodes of hypokalemia and quadriplegia.

2. Case presentation
====================

2.1. Demographic information and symptoms
-----------------------------------------

A 23-year-old African American male patient presented the emergency room at the University of Mississippi Medical Center, Jackson, USA in November 2016 with sudden onset of generalized weakness. He had gone to bed 4 hours ago but was unable to move his extremities on waking up.

2.2. Past history
-----------------

On further questioning, he admitted to a 40 lb. weight loss over the past year, heat intolerance, palpitations and tremors. He had been evaluated in the emergency room 6 months ago for a similar episode, which had lasted for 8 hours. During that visit, he was noted to be severely hypokalemic. He had had several episodes of weakness in the past 6 months mainly at night, which self-resolved. He had no history of alcohol use or laxative or diuretic abuse, and no family history of hypokalemia or paralysis.

2.3. Clinical findings
----------------------

Vital signs showed a heart rate of 134 bpm, blood pressure of 162/87 mm Hg. Physical exam was significant for bilateral exophthalmos, and a smooth goiter with bruit, which was consistent with Graves' disease. Neurological exam revealed 1/5 strength and diminished reflexes in all extremities, however cranial nerves and sensation were intact.

2.4. Diagnostic assessment
--------------------------

Laboratory assessment was significant for severe hypokalemia, hypomagnesemia, suppressed thyroid stimulating hormone (TSH), and high free thyroxine (FT4). Urine potassium was low and urinary potassium/creatinine ratio was low as well ([Table 1](#t1-epj-10-7174){ref-type="table"}). TPP was suspected based on the history, and laboratory assessment.

2.5. Therapeutic intervention
-----------------------------

Intravenous potassium chloride (KCl) and Magnesium were initiated to normalize potassium and magnesium levels. Propranolol and methimazole were started for the treatment of hyperthyroidism. The weakness completely resolved in 12 hours. Potassium and magnesium normalized in 24 hours and the patient was discharged on oral potassium and magnesium supplementation.

2.6. Follow-up and Outcomes
---------------------------

Upon follow up at 6 months, the patient experienced resolution of his heat intolerance, palpitations and tremors. He had no further episodes of weakness. Laboratory assessment showed normal levels of TSH, Free T4, potassium, and magnesium ([Table 2](#t2-epj-10-7174){ref-type="table"}). The patient refused any definitive therapy for hyperthyroidism and was continued on methimazole.

2.7. Ethics of case report
--------------------------

Written and informed consent from the patient was obtained when he was in the hospital. No identifying information has been used in the manuscript to protect the confidentiality of the patient.

3. Discussion
=============

The majority of TPP is seen in hyperthyroidism due to Graves' disease, however toxic adenoma, thyroiditis, toxic multinodular goiter, amiodarone induced thyrotoxicosis, levothyroxine intoxication and thyrotropin (TSH) producing pituitary adenoma have all been associated with TPP ([@b7-epj-10-7174]--[@b12-epj-10-7174]). Ragesh et al. described a case of TPP secondary to consumption of nutraceuticals containing triiodothyronine (T3) ([@b13-epj-10-7174]). Our patient had Graves' disease, which led to the development of TPP in his case.

Potassium is the most abundant cation in the intracellular fluid (ICF). It is actively transported into the ICF by the Na-K-ATP pump, which also transports the Na in to the extracellular fluid (ECF). This is expressed in various tissues including the liver, muscle and kidney ([@b14-epj-10-7174], [@b15-epj-10-7174]). The Na-K-ATP pump is under the influence of various hormones, which can modulate its activity. The outward flow of potassium is regulated by the inward rectifying K channels (Kir) ([@b4-epj-10-7174]). These two channels working in tandem, keep the potassium levels tightly controlled. Thyroid hormones stimulate the Na-K-ATP pump by binding to the thyroid response elements (TRE) which are upstream of the genes for Na-K pump, and increase its activity by both transcriptional and post transcriptional modification ([@b16-epj-10-7174], [@b17-epj-10-7174]). TPP patients have 80% more Na-K pump activity as compared to thyrotoxic patients ([@b18-epj-10-7174]). Catecholamines can also act on stimulating the activity of Na-K pump through the beta-adrenergic receptors. Insulin and testosterone can increase the activity of Na-K pump while estrogen decreases it, this may be partly responsible for the male preponderance of TPP ([@b19-epj-10-7174]--[@b21-epj-10-7174]). In addition, insulin and catecholamines can inhibit the Kir channels decreasing the transport of potassium into ECF. Mutations in the KCNJ 18, which encode for the Kir channels, have been found in approximately 33% of patients with TPP ([Figure 1](#f1-epj-10-7174){ref-type="fig"}) ([@b22-epj-10-7174]). This massive influx of potassium along with decreased outflow leads to hypokalemia and TPP.

TPP is characterized by episodes of sudden onset of weakness. Typically, the weakness starts in the proximal muscles of the lower extremities; however, it involves all four extremities in 80% of cases ([@b23-epj-10-7174]). Heavy meals, alcohol, exercise, high salt diet, stress, infections, menstruation and glucocorticoids have all been known to precipitate the paralytic episodes. Most of these attacks happen at night, likely related to prior alcohol or heavy meals and thereby was given the old name "nocturnal palsy." Manoukian et al. noted that 84% of TPP patients presented to the emergency room between 1 am to 8 am ([@b24-epj-10-7174]). TPP is seen mostly in males aged 20--40 years, although it can be seen in adolescents and children. ([@b1-epj-10-7174], [@b25-epj-10-7174]--[@b27-epj-10-7174]) The severity of the episodes can range from weakness to complete paralysis and the duration can range from a few hours to 3 days ([@b28-epj-10-7174]). Ocular, bulbar and respiratory muscle weakness is rare, but has been reported ([@b4-epj-10-7174], [@b26-epj-10-7174]). Approximately 75% of patients with TPP have it as the presenting symptom of their hyperthyroidism ([@b3-epj-10-7174]). The diagnosis of TPP is often delayed, possibly due to a lack of awareness and the rarity of the condition; approximately half of the patients have had history of an episode before the diagnosis was made ([@b29-epj-10-7174]). The diagnosis is delayed on average for 14 months ([@b30-epj-10-7174]). Our patient also had repeated attacks for over a year before the diagnosis of TPP was made.

Hypokalemia is the hallmark feature of TPP, most of the time, potassium \<3 mmol/lt. As the hypokalemia is the result of transcellular shift, urinary potassium is \< 20 mmol/lt and urine potassium creatinine ratio is \<2 mmol/lt, consistent with renal conservation of potassium ([@b5-epj-10-7174], [@b29-epj-10-7174]). Other electrolyte disorders like hypomagnesemia and hypophosphatemia due to transcellular shift are observed. Urine calcium is high due to increased filtration and decreased reabsorption, whereas urine phosphate excretion is decreased. Lin et al. found that a urine calcium/phosphate ratio of \>1.4 detected TPP with a sensitivity of 100% and specificity of 96% ([@b7-epj-10-7174]). TPP occurs in the hyperthyroid state and thyroid studies show a high thyroxine (T4) and suppressed TSH. However, the severity of the paralysis is not directly related to the degree of severity of hyperthyroidism ([@b31-epj-10-7174]). Electrocardiograms (EKG) are abnormal in 83--100% of patients with TPP ([@b29-epj-10-7174], [@b32-epj-10-7174]). Besides signs of hypokalemia, (U waves, ST segment depression and T wave flattening), atrioventricular block and arrhythmias (supraventricular arrhythmias, atrial fibrillation and ventricular arrhythmias) have also been reported. TPP needs to be differentiated from familial hypokalemic periodic paralysis (FHPP), which presents with episodic muscular weakness as well. However, it affects Caucasians with equal sex distribution. FHPP is autosomal dominant and a family history of hypokalemic paralysis is often positive ([@b33-epj-10-7174]). Thyroid studies in TPP show hyperthyroidism, whereas in FHPP they are normal.

The acute management of TPP involves treating the hypokalemia with potassium chloride infusion. In, most instances, less than 50 mmol of KCl is needed; overzealous replacement can result in dangerous hyperkalemia ([@b34-epj-10-7174]). Glucose infusions need to be avoided as they can raise insulin levels and worsen hypokalemia. Prophylactic administration of KCl to prevent TPP is not effective and therefore not recommended ([@b3-epj-10-7174]). Propranolol, by blocking the beta-adrenergic activity, can alleviate TPP. Propranolol 1 mg intravenously every 10 minutes has been used in cases where KCl is not effective ([@b35-epj-10-7174], [@b36-epj-10-7174]). Oral propranolol (40 mg qid) is also effective as prophylaxis, preventing further episodes of TPP ([@b37-epj-10-7174]). However, propranolol needs to be administered with caution in case of a heart block, as it can result in severe bradycardia and cardiovascular collapse ([@b38-epj-10-7174]). Definitive treatment of hyperthyroidism, either with radioiodine ablation or with thyroidectomy, results in resolution of TPP. Use of antithyroid medications alone resulted in a relapse attack in 56% patients within 7 months ([@b29-epj-10-7174]).

4. Conclusions
==============

TPP needs to be considered in the differential diagnosis of sudden onset motor weakness with hypokalemia, particularly in a young male patient. These episodes happen most often at night. Proximal muscles are most affected; however, in rare instances, respiratory muscles are also involved. Diagnosis is established when there is concurrent hypokalemia and hyperthyroidism. Acute management involves normalizing potassium and magnesium. Propranolol can be used to treat - as well as prevent further episodes, by decreasing the beta-adrenergic drive. Definitive treatment of hyperthyroidism either with thyroidectomy or radioiodine ablation resolves TPP.
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###### 

Laboratory assessment

  ------------------------------------------------------ ------
  Sodium (137--145 mEq/lt)                               137
  Potassium (3.6--5.0 mEq/lt)                            1.6
  Chloride (98--107 mEq/lt)                              102
  BUN (9--21 mg/dl)                                      8
  Creatinine (0.8--1.5 mg/dl)                            0.5
  Calcium (8.4--10.2 mg/dl)                              9.1
  Magnesium (1.6--2.3 mg/dl)                             1.2
  TSH (0.34--4.82 μIU/ml)                                0.01
  Free T4 (0.77--1.61 ng/dl)                             4.32
  Thyrotropin receptor antibody (0.00--1.74 IU/lt)       14
  Thyroid stimulating immunoglobulin (\<1.4 TSI index)   3.1
  Urine potassium (mmol/lt)                              23.8
  Urine creatinine (40--278 mg/dl)                       55.8
  Urine potassium/creatinine ratio                       0.42
  Urine magnesium (28--180 mg/dl)                        34
  ------------------------------------------------------ ------

mEq: milliequivalent; lt: litre; mg: milligram; dl: deciliter; μIU: micro international unit; ml: milliliter; ng: nanogram; IU: international unit; mmol: millimole

###### 

Trend of potassium, magnesium and thyroid tests

  Variables                    Admission   Discharge   6 month follow up
  ---------------------------- ----------- ----------- -------------------
  Potassium(3.6--5.0 mEq/lt)   1.6         3.9         3.9
  Magnesium(1.6--2.3 mg/dl)    1.2         1.6         1.7
  TSH (0.34--4.82 μIU/ml)      0.01                    1.72
  Free T4(0.77--1.61 ng/dl)    4.32                    1.48
